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affected	 the	 palaeoequatorial	 regions.	 The	 causes	 behind	 this	 increase,	 which	 led	 to	 several	 important	
changes	 within	 the	 terrestrial	 ecosystems,	 are	 still	 poorly	 understood.	 During	 the	 Permian,	 extrabasinal	
floras,	mainly	 composed	 of	 drought-tolerant	 plants	 such	 as	 conifers	 and	 other	 gymnosperms,	 started	 to	
spread	and	move	into	the	lowlands,	progressively	replacing	the	hygrophytic	lowland	floras	that	characterized	




happened	 to	 the	 Permian	 palaeoequatorial	 ecosystems.	 A	 palaeoenvironmental	 and	 palaeoclimate	
reconstruction	 of	 the	 Kungurian	 (Cisuralian,	 early	 Permian)	 Tregiovo	 Basin	 (NE-Italy)	 is	 here	 provided.	 A	
multidisciplinary	 study	 has	 been	 carried	 out,	 through	 which	 two	 sections	 of	 the	 Tregiovo	 Formation,	
respectively	 “Le	 Fraine”	 and	 Tregiovo	 village	 sections,	 have	 been	 investigated	 for	 sedimentology,	
geochemistry,	 palaeobotany	 and	 palynology.	 The	 taxonomical	 study	 on	 the	 two	 rich	 palaeobotanical	
assemblages	 of	 the	 “Le	 Fraine”	 section	 revealed	 a	 very	 diverse	 and	 abundant	 flora,	 composed	 of	
sphenophytes	 (Annularia),	 ginkgophytes	 (?Sphenobaiera),	 pteridosperms	 (Peltaspermum),	 conifers	 (e.g.,	
Hermitia,	 Feysia,	 Quadrocladus,	 Dolomitia)	 and	 taxa	 with	 uncertain	 botanical	 affinity	 like	 taeniopterids	
(Taeniopteris),	sphenopterids	(Sphenopteris)	and	two	incertae	sedis	“morphotypes”.	The	palaeobotanical	and	
palynological	study	indicates	a	xerophytic	character	for	the	Tregiovo	flora,	mainly	dominated	by	conifers	and	
sphenopterids.	A	 thorough	 taxonomical	 study	on	 these	 two	plant	groups	 showed	a	 remarkable	diversity,	
which	allowed	to	pre-date	the	first	appearance	of	genus	Dolomitia	to	be	moved	back	to	the	Kungurian,	and	
to	 identify	 a	 new	 sphenopterid	 species,	 Sphenopteris	 valentinii.	 Sedimentological	 studies	 from	 the	 two	












Il	 Permiano	 (289–252	milioni	 di	 anni)	 rappresenta	 un	periodo	di	 transizione	da	 condizioni	 di	 ice-house	 a	
condizioni	di	green-house,	avvenuto	attraverso	diverse	 fasi	glaciali	e	 interglaciali.	Questo	cambiamento	è	
stato	caratterizzato	da	un	 incremento	di	aridità	che	 interessò	 le	 regioni	paleoequatoriali	della	Pangea.	Le	
cause	principali	di	questo	incremento	e	di	altri	importanti	cambiamenti	che	hanno	interessato	gli	ecosistemi	
terrestri	 sono	 ancora	 poco	 chiare.	 Nel	 Permiano,	 le	 flore	 che	 occupavano	 le	 aree	 al	 di	 fuori	 dei	 bacini,	
costituite	soprattutto	da	conifere	ed	altre	gimnosperme	che	meglio	tollerano	periodi	di	aridità,	cominciarono	
a	 migrare	 all’interno	 dei	 bacini,	 rimpiazzando	 progressivamente	 le	 flore	 più	 igrofitiche	 che	 avevano	




quello	 che	 accadde	 agli	 ecosistemi	 Permiani	 paleoequatoriali.	 In	 questa	 ricerca,	 viene	 proposta	 una	
ricostruzione	paleoclimatica	e	paleoambientale	del	bacino	Kunguriano	(Cisuraliano,	Permiano	inferiore)	di	
Tregiovo	 (NE-Italia).	 Attraverso	 uno	 studio	multidisciplinare,	 le	 due	 sezioni	 di	 “Le	 Fraine”	 e	 del	 villaggio,	











dalla	 presenza	 abbastanza	 comune	 di	 carbonati	 microbiali.	 Le	 analisi	 isotopiche	 sul	 carbonio	 stabile	
contenuto	 nel	 bulk	 e	 nei	 tessuti	 carbonificati	 provenienti	 dalle	 due	 sezioni,	 hanno	 evidenziato	 uno	 shift	










The	 Carboniferous–Permian	 was	 a	 time	 characterized	 by	 many	 important	 climate	 and	
palaeoenvironmental	 changes.	 During	 the	 Carboniferous,	 the	 most	 important	 ice-age	 of	 the	
Phanerozoic	took	place,	which	lead	to	the	formation	of	several	ice	centers	that,	during	its	maximum	
expansion,	covered	the	greater	part	of	the	southern	hemisphere	(e.g.,	Frakes	et	al.,	1992;	Isbell	et	
al.,	 2003).	 The	 last	 phases	of	 consolidation	of	 Pangaea	 formed	 the	Central	 Pangean	Mountains,	
which	 caused	 the	 fragmentation	 of	 the	 humid	 palaeoequatorial	 belt	 that	 characterized	 the	
Carboniferous	with	its	coal-forming	forests	(e.g.,	DiMichele	et	al.,	2001;	2008).	The	Permian	in	turn	
was	 characterized	 by	 the	 transition	 from	 ice-house	 to	 green-house	 conditions,	 passing	 through	
several	 glacial	 and	 interglacial	 phases	 and	 an	 increase	 of	 aridity,	 which	 was	 reflected	 in	 the	
palaeoequatorial	 regions	 (e.g.,	 Montañez	 et	 al.,	 2007;	 DiMichele	 et	 al.,	 2008;	 2009;	 Tabor	 and	
Montañez,	 2004;	Montañez	 and	 Poulsen,	 2013;	Michel	 et	 al.,	 2015).	 The	 causes	 that	may	 have	













taxa	that	become	more	common	 in	the	fossil	 record,	 revealing	 important	 information	about	the	
formerly	 extrabasinal	 communities,	 where	 most	 likely,	 in	 the	 more	 challenging	 extrabasinal	







and	 diverse	 lower	 flora	 dominated	 by	 conifers.	 The	 aim	 of	 the	 research	 was	 to	 provide	 a	
palaeoenvironmental	and	palaeoclimatic	reconstruction	or	the	Cisuralian	of	the	Southern	Alps,	and	
to	 add	 a	 mosaic	 tile	 to	 the	 complex	 and	 incomplete	 early	 Permian	 picture.	 To	 this	 end,	 a	
multidisciplinary	approach	has	been	applied	on	 the	 study	of	 the	Tregiovo	Basin.	Here,	 two	new	
sections,	respectively	“Le	Fraine”	section	and	Tregiovo	village	section,	which	belong	to	the	Tregiovo	
Formation,	have	been	investigated	for	palaeobotany,	palynology,	sedimentology	and	geochemistry.	
The	Tregiovo	 flora	comes	 from	two	distinct	horizons	of	 “Le	Fraine”	 section,	 separated	by	ca.	60	
meters.	The	taxonomical	study	of	the	Tregiovo	flora	represented	a	fundamental	starting	point	of	




information	 about	 the	 floral	 composition	 at	 a	 wider	 (regional)	 scale;	 2)	 to	 obtain	 further	
palaeoenvironmental/palaeoclimate	 information	 to	 be	 compared	 to	 that	 obtained	 from	 the	


































The	 first	chapter	 represents	a	paper	submitted	at	 the	end	of	 the	second	year	of	PhD	to	 the	



















and	 palaeoclimate	 reconstruction	 of	 the	 Tregiovo	 Basin	 based	 on	 a	 multidisciplinary	
palaeobotanical,	 palynological	 sedimentological	 and	 geochemical	 study	 of	 the	 two	 Tregiovo	
sections.	
Finally,	the	fourth	chapter	 is	a	manuscript	draft,	which	represents	a	further	taxonomical	and	
morphological	 and	 geochemical	 study	on	 the	 Tregiovo	 conifers,	 on	 the	basis	 of	 their	 vegetative	
shoots.	 In	 this	work,	we	performed	a	morphological	comparison	between	the	Tregiovo	taxa	and	
other	Permian	conifers,	and	taxon-specific	isotopic	analysis	on	the	coalified	tissues	of	the	Tregiovo	
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same	 time	 interval	we	 see	a	 change	 from	spore	plant-dominated	 lowland	 floras,	 to	 increasingly	
drought-tolerant	 floras	 dominated	 by	 conifers	 and	 other	 seed	 plants.	 A	 recently	 discovered	
Kungurian	(late	Cisuralian)	flora	from	the	“Le	Fraine”	section	near	the	village	of	Tregiovo	(Trento	








voltzian	 conifer	 Pseudovoltzia.	 The	 other	 three	 dwarf	 shoot	 types	 show	 a	 wide	 morphological	
variation,	but	cannot	be	assigned	to	any	known	genus	due	to	the	imperfect	preservation.	In	western	
Euramerica,	 the	transition	 from	walchian-	 to	voltzian-conifer-dominated	 floras	 took	place	during	
the	 late	 Cisuralian.	 This	 study	 shows	 that	 this	 change	 occurred	 across	 the	 entire	 equatorial	









of	 the	 Phanerozoic,	 from	 deep	 icehouse	 conditions	 in	 the	 Cisuralian	 (early	 Permian),	 to	 a	
greenhouse	state	in	the	Lopingian	(late	Permian,	e.g.,	Montañez	and	Poulsen,	2013).	The	Cisuralian	
is	an	 important	 interval	as	 it	marks	 the	deglaciation	of	 the	Southern	Hemisphere	and	 increasing	
aridification	in	the	palaeoequatorial	regions,	resulting	in	stepwise	changes	from	sub-	humid	climates	














equatorial	 Euramerica,	 these	 floras	 are	 replaced	 by	 even	 more	 drought-tolerant	 floras	 around	
Kungurian	 (late	 Cisuralian)	 times.	 These	 floras	 are	 characterized	 by	 voltzian	 conifers	 (voltzian	
Voltziales),	more	derived	conifers	characterized	by	irregular	branching	systems,	and	bifacial	ovate	
to	linear	leaves	(Rothwell	et	al.,	2005),	and	by	a	different	suite	of	seed-plants	(e.g.,	DiMichele	et	al.,	









ovuliferous	dwarf	 shoots	 (female	 reproductive	 structures)	were	 found.	The	compressions	of	 the	
cones	 hardly	 show	 any	 details	 of	 the	 dwarf-shoot	 morphology.	 In	 contrast,	 the	 isolated	 dwarf	
shoots,	although	only	preserved	as	coaly	compressions	without	cuticle,	show	a	remarkable	diversity.	






































Both	 “Le	 Fraine”	 assemblages	 are	 dominated	 by	 conifers,	 e.g.,	 Hermitia,	 Feysia,	 and	
Quadrocladus,	 but	 differ	 in	 composition.	 Additional	 elements	 in	 the	 lower	 assemblage	 are	
ginkgophytes	(Sphenobaiera),	pteridophylls	(Sphenopteris),	callipterid	peltasperm	foliage	(Lodevia)	
and	 ovuliferous	 structures	 (Peltaspermum),	 two	morphotypes	 of	 Taeniopteris,	 and	 sphenopsids	
(Annularia)	(Marchetti	et	al.,	2015).	The	most	common	forms	in	upper	Tregiovo	assemblage,	apart	
from	conifers,	are	at	least	five	species	of	sphenopterids,	including	large,	almost	complete	fronds,	














(SZ-ST	 Olympus)	 and	 photographed	 with	 a	 Canon	 EOS	 550D	 camera.	 Some	 specimens	 were	
















different	morphology	but	cannot	be	attributed	 to	existing	nor	 to	new	genera	due	 to	 the	 lack	of	



















Remarks:	 Specimens	 assignable	 to	 the	 genus	Dolomitia	 occur	 in	 both	 the	 lower	 and	 upper	

















complete	 Dolomitia	 cittertiae	 Clement-Westerhof,	 1987	 dwarf	 shoot	 is	 flattened,	 bilaterally	
symmetrical,	with	numerous	 fused	elements	 and	a	 short	 stalk-like	base.	 The	dwarf	 shoots	have	
three	ovate	sporophylls	with	a	rounded	apex,	two	in	lateral	position	and	one	in	median	position	on	
the	adaxial	side	of	the	dwarf	shoot.	The	approximately	thirteen	sterile	scales	are	triangular	with	






scales	 (18	 or	 more)	 than	D.	 cittertiae,	 and	 a	 longer	 stalk.	 Although	 they	 show	 the	 same	 basic	
organization,	they	likely	represent	a	different	species.	Because	of	the	imperfect	preservation	of	the	








Description:	 Three	 specimens	 of	 this	 type	 were	 found	 (Plate	 I,	 2,	 3).	 The	 dwarf	 shoots	 are	
flattened,	bilaterally	 symmetrical,	with	 five	 fused	elements	and	a	 stalk-like	base.	They	have	one	











the	 two	 smaller	 scales	 are	 not	 easily	 visible,	 although	 in	 general,	 the	 dwarf	 shoots	 are	 entirely	
preserved,	stalk	included.	One	of	them	shows	the	adaxial	side	(Plate	I,	2).	





















Remarks:	 Even	 though	uncertainties	exist	 regarding	morphological	details,	 this	 type	 is	easily	












tips,	whereas	 they	are	broader	and	 rounded	 in	Type	A.	Apart	 from	the	 lack	of	a	 clear	 stalk,	 the	
 19	





Description:	Only	one	specimen	of	dwarf	 shoot	Type	B	was	 found	 in	 the	“Le	Fraine”	section	
(TREG	0078).	Dwarf	shoot	Type	B	is	flattened,	bi-	laterally	symmetrical	with	8–9	narrow	elements	
that	are	fused	at	the	base.	The	complete	dwarf	shoot	is	17	mm	long	and	18	mm	wide.	The	larger	
central	 element	 is	 narrow	 ovoid,	 8	mm	 long	 and	 3	mm	wide.	 The	 lateral	 elements	 are	 narrow	
triangular,	up	to	4	mm	long	and	1	mm	wide,	with	obtuse	apices	(Plate	I,	5).	
Remarks:	 The	 type	 B	 dwarf	 shoot	 has	 been	 found	 only	 in	 the	 upper	 flora.	 Because	 of	 the	


























compressed	 show	 a	 recurved	 apex,	 pointing	 toward	 the	 central	 scale,	 but	 there	 are	 no	 clear	
differences	between	individual	scales	(Plate	I,	6).	
Remarks:	 The	 only	 specimen	 assigned	 to	 Type	 C	 was	 found	 in	 the	 upper	 assemblage.	 The	
specimen	is	incomplete;	the	more	distal	parts	of	the	elements	are	not	preserved	on	this	slab.	
Comparison:	Like	in	Type	A	and	B	the	elements	of	Type	C	are	only	fused	at	their	bases.	Type	C,	





























the	Dolomitia	 sp.	and	Pseudovoltzia-like	dwarf	shoots	cannot	be	 identified	at	species	 level,	both	
types	seem	to	fit	the	diagnosis	of	the	Majonicaceae.	The	ovuliferous	dwarf	shoot	members	of	this	
family	are	bilaterally	symmetrical	and	flattened,	have	partially	fused	sporophylls	and	sterile	scales,	
have	 lateral	 to	 adaxial	 ovule	 attachments,	 and	 stalk-like	 bases	 (Clement-Westerhof,	 1987).	 The	
family	 was	 described	 based	 on	 cutinized	 dwarf	 shoots,	 shoots,	 leaves	 from	 the	 Southern	 Alps	
(Bletterbach	 Gorge,	 NE	 Italy),	 and	 originally	 encompassed	 the	 genera	Majonica,	Dolomitia	 and	
Pseudovoltzia.	Since	then	members	of	the	Majonicaceae	have	been	documented	from	the	upper	





several	 fragmented	 ovuliferous	 dwarf	 shoots.	Dolomitia	 differs	 from	 the	 other	members	 of	 the	
 22	
Majonicaceae	by	having	a	relatively	high	number	of	small	sterile	scales	positioned	on	the	ab-	axial	
side	of	 the	dwarf	 shoot.	 The	 longer	 stalk	 and	 the	 larger	number	of	 sterile	 scales	 as	 seen	 in	 the	
Tregiovo	material	were	 hypothesized	 by	 Clement-Westerhof	 (1988)	 as	 typical	 for	 a	 stage	 being	









dwarf	 shoot	 types	 from	 Tregiovo	 seems	 to	 look	 similar	 to	 Pseudovoltzia,	 but	 not	many	 details	









especially	O.	 jonkeri	 in	which	there	are	many	sterile	scales	 (24–28),	which	have	variable	shapes,	
from	lanceolate	to	obovate,	toward	the	apical	part	of	the	dwarf	shoot	(Clement-Westerhof,	1984).	
Unfortunately,	the	preservation	does	not	permit	identification	of	any	sporophylls,	and	the	presence	
of	 a	 stalk-like	 shaped	 base	 differs	 from	 the	 known	 Ortiseia	 dwarf	 shoots.	 Nonetheless	 the	










assemblage	 also	 shows	 a	mixture	 of	 forms	 known	 from	 the	 lower	 Permian	 and	 taxa	 that	were	
previously	only	known	from	the	upper	Permian	or	Mesozoic	(DiMichele	et	al.,	2001).	Two	conifer	
genera	have	been	described	from	the	Lower	Pease	River	Flora	so	far,	i.e.	Lebowskia	and	Manifera	





for	 the	 late	 Permian	 taxa	 in	 Europe,	 the	 Majonicaceae	 have	 been	 documented	 also	 from	 the	
Kungurian	of	North	America	(Looy,	2007;	Looy	and	Stevenson,	2014).	The	occurrence	of	Dolomitia	
in	Tregiovo	is	the	oldest	well-dated	record	of	the	genus,	the	range	of	which	now	extends	down	to	
the	 Kungurian.	 Four	members	 of	 the	Majonicaceae	 can	 now	 be	 traced	 back	 to	 the	 latest	 early	





region	was	 one	within	 ecosystems,	 or	 a	 shift	 in	 biomes.	 Paleoclimatological	 data	 from	western	
Euramerica	(the	Midland	Basin)	indicate	a	change	from	seasonally	dry	to	non-seasonal	climates	from	
the	latest	Kungurian	to	early	Wordian	times.	(e.g.,	Montañez	et	al.,	2007).	It	is	not	unlikely	that,	just	
like	 in	 the	Midland	 Basin,	 shifts	 in	 the	 amount	 of	 precipitation,	 the	 degree	 of	 seasonality,	 and	
temperature	caused	the	floral	transition	in	the	Tregiovo	Basin.	
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(Asselian)	 vegetation	 from	 a	 seasonally	 dry	 coast	 in	 western	 equatorial	 Pangea:	
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footprints,	 palynomorphs,	 conchostracans,	 and	 especially	 plant	 remains.	 In	 recent	 years,	 a	 new	
section	in	the	Tregiovo	Formation,	called	“Le	Fraine”,	located	along	the	Lauregno	provincial	road,	
has	been	discovered.	Two	fossiliferous	layers	in	this	new	section,	one	in	the	lower	and	one	in	the	
upper	 part	 of	 the	 section,	 yielded	 different	 plant	 assemblages.	 The	 radiometric	 dating	 of	 the	
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volcanic	formations	under-	and	overlying	the	Tregiovo	Formation,	indicates	a	middle	Kungurian	age	
for	 the	 fossil-bearing	 sequence.	More	 than	 1000	 specimens,	 impressions	 and	 compressions	 but	
without	cuticles,	have	been	found.	The	two	plant	assemblages	are	rich	and	diverse,	and	both	are	
dominated	by	conifers	 (e.g.,	Feysia,	Hermitia,	Dolomitia)	 that	 range	 from	60	 to	80%	of	 the	 total	
assemblage,	 but	 also	 sphenophytes	 (Annularia),	 taeniopterids	 (Taeniopteris)	 and	 ginkgophytes	
(Sphenobaiera)	 occur.	 Most	 remarkable	 of	 these	 two	 assemblages	 is	 the	 high	 diversity	 of	
sphenopterids	that	are	sometimes	preserved	as	complete	fronds.	At	least	five	different	species	can	












but	 they	became	much	 rarer	 in	 the	Permian	with	 a	 limited	number	of	 species.	No	 less	 than	13	
species	of	Sphenopteris	(Brongniart)	Sternberg,	1825	were	reported	from	the	Stephanian	of	Central	
France	(Blanzy:	Langiaux,	1982;	Saint-Étienne	Basin:	Doubinger	et	al.,	1995).	In	contrast,	the	number	































and	 the	 Gargazzon/Gargazzone	 Formation.	 Plant	 fossils	 from	 the	 Tregiovo	 Formation	 were	
described	by	Remy	and	Remy	(1978),	Visscher	et	al.	(2001),	and	Marchetti	et	al.	(2015).	In	addition,	
palynomorphs,	 conchostracans	 and	 vertebrate	 footprints	 were	 reported.	 Various	 ages	 were	
suggested	 based	 on	 palynomorphs,	 i.e.	 Artinskian–Kungurian	 (Mostler,	 1966),	 Kungurian–
Capitanian	(Cassinis	and	Doubinger,	1991,	1992),	and	Kungurian–Ufimian	(Barth	and	Mohr,	1994;	








thickness	of	 about	130	m	 (Fig.	3).	At	 its	base,	 the	 section	 consists	of	 very	 finely	 laminated	dark	
siltstones	and	claystones,	and	in	the	upper	part	of	marly	limestones	and	sandstones	(Marchetti	et	
al.,	2015).	The	finely	laminated	plant-bearing	sediments	are	interpreted	as	lacustrine	deposits,	and	






















shoots	 (Hermitia	 Kerp	 et	 Clement-Westerhof,	 1986,	 Feysia	 Broutin	 et	 Kerp	 1994,	Quadrocladus	
Mädler,	 1957).	 Furthermore,	 several	 conifer	 dwarf-shoots	 (e.g.,	 Dolomitia	 Clement-Westerhof	
1987,	Pseudovoltzia-like,	Type	A–C;	Forte	et	al.,	2017),	sphenophytes	(Annularia	Sternberg,	1821),	
ginkgophytes	(Sphenobaiera	Florin,	1936),	pteridosperms	(Peltaspermum	Harris	1937	and	Lodevia-





ones	 from	the	upper	assemblage	are	better	preserved	and	more	complete	 than	 those	 from	the	
lower	 assemblage.	 Some	 fronds	 are	 remarkably	 complete	 including	 the	 base	 of	 the	 frond.	 All	
specimens	 were	 photographed	 with	 a	 Canon	 EOS	 550D	 and	 were	 studied	 under	 a	 dissecting	





















No	 less	 than	 five	 different	morphotypes	 of	 sphenopterids	 have	 been	 recovered	 from	 the	 Le	










and	 above	 the	 bifurcation;	 lower	 part	 of	 the	 rachis	 (below	 the	 bifurcation)	 naked	 (TREG	 649),	
widening	towards	the	base.	The	frond	rachis	is	5.1	mm	wide	at	the	base,	2.8	mm	at	the	bifurcation;	


























The	 species	 was	 first	 described	 by	 Gothan	 and	 Nagalhard	 (1922)	 from	 the	 Zechstein	














of	 the	 frond.	 This	 feature,	 heteroblastic	 development,	 is	 known	 from	many	 other	 species	 e.g.,	
Rhachiphyllum	schenkii	(Heyer	1886)	Kerp,	1988.	









kukukiana.	However,	 identifications	were	based	on	very	 incomplete	 specimens	not	 showing	 the	
bipinnate	nature	of	the	foliage.	The	type	of	Gracilopteris	bergeronii	(al.	Callipteris	bergeronii	Zeiller,	




specimens	 from	 the	 Asselian–Sakmarian	 of	 the	 Saar-Nahe	 Basin	 would	 indeed	 belong	 to	 S.	
kukukiana,	the	record	would	even	be	extended	further	down.	






























































































Discussion:	 Only	 a	 single	 small	 fragment	 (MUSE	 PAG	 7309,	 7304,	 respectively	 part	 and	











Description:	 A	 single,	 largely	 complete	 but	 only	 partially	well-preserved	 specimen	was	 collected	
from	the	lower	plant-bearing	level	(Plate	V,	TREG	328).	It	is	a	bifurcated,	bipinnate	frond,	85	mm	
long	and	57	mm	wide.	The	angle	of	bifurcation	is	c.	40°.	The	frond	rachis	varies	in	width	from	3.3	to	
4.4	mm.	 The	 first	 small	 pinnules	 are	 attached	 just	 below	 the	bifurcation.	Above	 the	bifurcation	
 46	
pinnules	 rapidly	 increase	 in	 size	 and	 are	 then	 replaced	 by	 pinnae.	 Pinnae	 are	 widely	 spaced,	
alternating,	6–25	mm	 long	and	3.8–6.7	mm	wide,	 and	arise	at	 an	angle	of	40–60°;	 those	 in	 the	





enlarged	pinnule	 in	Plate	V,	 TREG	328).	 The	pinnules	 are	up	 to	1.5	mm	 long	and	1.5	mm	wide.	
Unfortunately,	 the	upper	part	of	 the	 frond	 is	not	well	 enough	preserved	 to	 show	details	 of	 the	




pinnules,	which	easily	distinguishes	 it	 from	the	other	species.	 It	differs	from	S.	geinitzii	 in	having	
loosely	arranged	lobes	that	are	largely	free;	S.	geinitzii	has	longer,	narrow,	closely	spaced	lobes	that	
partly	 overlap	 each	 other.	 The	 venation	 of	 this	 form	 is	 unclear.	 Some	 pinnule	 lobes	 show	
conspicuous	ridges	that	are	reminiscent	of	veins.	However,	because	they	are	only	observed	in	a	few	
pinnules	and	not	seem	to	be	a	consistent	feature,	they	may	have	another	nature.	They	also	could	


































very	 narrow	 segments.	 As	 far	 as	more	 or	 less	 complete	 fronds	 are	 known,	 all	 the	 species	 from	
Tregiovo	and	from	the	classical	Zechstein	have	very	small	fronds,	rarely	exceeding	20	cm	in	length.	
The	 stiffness	 of	 the	 pinnules	 and	 pinnule	 segments	 of	 S.	 suessii,	 S.	 kukukiana	 and	 S.	 valentinii	
suggests	that	they	were	more	or	less	elliptical	or	circular	in	cross	section,	giving	them	a	succulent	










Four	 additional	 species	 were	 described	 from	 the	 Copper	 Shales	 of	 the	 Zechstein	 Basin,	 i.e.	
Sphenopteris	 bipinnata	 (Münster,	 1842)	 Geinitz,	 1862,	 S.	 dichotoma	 Althaus,	 1846,	 S.	 patens	
(Althaus	1846)	Geinitz,	1848	and	S.	gillitzeri	Weigelt,	1931.	The	first	three	of	these	four	species	are	
from	Richelsdorf	 (Hesse,	Germany),	 and	S.	gillitzeri	 is	 from	Mansfeld	 (Saxony	Anhalt,	Germany).	
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are	part	of	 an	association	dominated	by	 xerophytic	 elements	 and	because	 they	also	 show	xeric	
features.	Although	the	sphenopterids	have	a	very	stiff	appearance,	it	seems	unlikely	that	they	were	
primarily	water-transported.	 Longer-distance	water	 transport	usually	 causes	 severe	damage	and	
fragmentation.	 Several	 nearly	 complete	 fronds	 were	 found	 in	 finely	 laminated	 organic-rich	
lacustrine	sediments	that	reflect	dysoxic,	very-low-energy	conditions	at	the	bottom	of	the	lake.	The	
widened	bases	 seen	 in	 some	of	 the	nearly	 complete	 fronds	 indicate	 that	 they	were	abscised	as	
complete	entities.	The	most	plausible	explanation	is	that	fronds	were	abscised	during	storms	and	
blown	into	the	lake,	where	they	probably	floated	on	the	water	surface	and	sank	to	the	bottom	after	
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A	 transition	 from	 widespread	 humid	 to	 more	 drought	 tolerant	 floras	 characterized	 tropical	
terrestrial	ecosystems	during	the	Permian	(Cisuralian).	Tregiovo	(Southern	Alps,	N-Italy)	 is	one	of	
the	very	few	well	dated	Kungurian	(late	Cisuralian)	plant	localities	in	Euramerica.	It	was	located	in	
eastern	 palaeoequatorial	 Pangea.	 Two	 units	 bearing	 fossil	 plant	 assemblages	 occur	 in	 finely	
laminated	sediments	deposited	in	a	playa-lake	environment.	In	this	paper,	the	sedimentology	of	the	
Tregiovo	Basin	 is	 reviewed,	 and	new	palaeobotanical,	 palynological	 and	 stable	 isotopic	data	are	
presented,	in	order	to	reconstruct	the	palaeoclimatic	and	palaeoenvironmental	conditions	of	the	
Kungurian	 in	 the	 Southern	Alps.	Both	 fossil	 plant	 assemblages	dominated	by	 conifers	 (Hermitia,	
Feysia,	 Quadrocladus,	 Dolomitia),	 together	 with	 sphenophytes	 (Annularia),	 ginkgophytes	
(Sphenobaiera),	 pteridosperms	 (Peltaspermum),	 taeniopterids	 and	 sphenopterids.	 These	 taxa,	
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http://www.stratigraphy.org/ICSchart/ChronostratChart2017-02.jpg	 28.08.2017.	 A)	 Area	 of	 glaciation	
adapted	from	Frakes	&	Francis	(1988)	and	Crowley	&	Baum	(1992);	B)	brachiopod	δ13C	from	the	Russian	
platform	and	 from	western	and	central	North	America	 (Grossman	et	al.	2008);	C)	 Inferred	palaeoclimatic	





profiles	with	 evaporite	minerals	 (e.g.,	 gypsum)	 and	 carbonate.	 The	 yellow	 area	 and	 the	 red	 square	 area	







widespread	 coal	 deposits	 during	 the	 Carboniferous	 could	 in	 fact	 have	 been	 responsible	 for	 the	
decreasing	pCO2	in	the	atmosphere	and	may	have	caused	the	transition	from	greenhouse	conditions	
to	the	LPIA	(Kump	et	al.,	2000;	Beerling	and	Berner,	2005).	In	the	Permian,	the	terrestrial	ecosystems	
were	 populated	 by	 several	 groups	 of	 plants,	 which	 especially	 in	 the	 palaeoequatorial	 regions,	
appeared	to	suffer	from	increasing	aridity	related	to	the	end	of	the	LPIA	(e.g.,	DiMichele	et	al.,	2001,	
2008,	2009;	Tabor	and	Montañez,	2004;	Montañez	et	al.,	2007;	Peyser	and	Poulsen,	2008;	Tabor	
and	Poulsen,	2008;	Horton	et	 al.,	 2012;	Montañez	and	Poulsen,	 2013;	Michel	 et	 al.,	 2015).	 This	
accounts	 for	 the	 replacement	 of	 hygrophytic	 floras	 by	 xerophytic	 communities,	 tolerant	 of	







































about	 the	 timing	 and	 mode	 of	 the	 hygrophytic	 –	 xerophytic	 transition	 in	 eastern	 Pangea,	 (2)	
recovering	a	continental	δ13Corg	record	of	a	well	dated	portion	the	Kungurian,	and	(3)	suggesting	
















best-exposed	 Permian	 volcanic	 succession	 in	 Europe	 (e.g.,	Morelli	 et	 al.,	 2007;	Marocchi	 et	 al.,	
2008).	Stratigraphically,	the	Tregiovo	Formation	is	enclosed	between	the	Ora/Auer	Formation	and	





and	 Marchetti	 et	 al.	 (2015)	 identify	 two	 more	 lithozones	 above	 the	 laminated	 pelites:	 a	 third	
lithozone	 with	 lacustrine	 microbial	 carbonates	 and	 a	 fourth	 lithozone	 with	 sandstones	 and	




wire-netting	 fence.	 The	 area	 is	 well-known	 for	 its	 plant	 fossils,	 vertebrate	 footprints	 and	




5).	The	“Le	Fraine”	section	crops	out	near	 the	small	village	of	Tregiovo	 in	 the	Upper	Val	di	Non,	
Trento	province	(NE	Italy;	Fig.	2),	between	46°26.230ʹN	011°02.623ʹE	and	46°26.178ʹN	011°02.873ʹE	





the	 preservation	 of	 depositional	 laminae	 throughout	 the	 section	 indicate	 suboxic	 or	 anoxic	
conditions	at	the	bottom	of	the	lake	(Marchetti	et	al.,	2015).	The	upper	part	 is	made	of	massive	
pelites,	 conglomerates	 and	 sandstones,	 the	 latter	 interpreted	 as	 alluvial	 sediments.	 The	 second	
outcrop,	located	near	the	village	of	Tregiovo	(Fig.	5;	46°	26.393’N	11°	3.033’E),	corresponds	to	the	
uppermost	part	of	the	Tregiovo	Formation	(Neri	et	al.,	1999).	The	horizons	rich	in	plant	remains	fall	
within	 the	 laminated	pelitic	 lithozone;	undetermined	plant	 fragments	were	also	observed	 in	 the	
third	lithozone,	with	microbial	carbonates,	of	the	Tregiovo	village	section.	This	latter	section	was	
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(Remy	 and	 Remy,	 1978;	 Neri	 et	 al.,	 1999;	 Visscher	 et	 al.,	 2001),	 and	 the	 “Le	 Fraine”	 section	
(Marchetti	et	al.,	2015;	Forte	et	al.,	2017).	Plants	 from	“Le	Fraine”	come	 from	two	 levels	of	 the	
laminated	part	of	the	section	(Marchetti	et	al.,	2015;	Forte	et	al.,	2017),	a	lower	one	at	ca.	45	m,	
and	an	upper	one	at	ca.	105	m	from	the	base	of	section	(Fig.	4).	About	1100	slabs	with	plant	remains	











new	material,	 Collezione	Valentini,	 is	 temporarily	 stored	with	 the	 private	 collector.	 The	 studied	
material	from	the	type	section	consists	of	ca.	12	specimens,	stored	at	the	Museo	Civico	di	Storia	
Naturale	of	 Brescia	 (Brescia	 Province,	 Lombardy	Region,	N-Italy).	 This	material	was	 collected	by	
private	 collectors,	has	been	 studied	by	Remy	and	Remy	 (1978)	and	Visscher	et	al.	 (2001)	and	 is	
labelled	with	the	prefix	“PA”	followed	by	progressive	but	not	consecutive	numbers	(00058–91).	
All	 the	material	 has	 been	 photographed	with	 a	 digital	 reflex	 camera	 (Canon	 EOS	 550D)	 and	
studied	under	a	dissecting	stereomicroscope	(Olympus	SZ40).	The	macrofossils	were	measured	with	
callipers	and	on	digital	photographs	by	using	the	free	software	ImageJ64.	This	method	of	census	is	




































The	 previous	work	 of	Marchetti	 et	 al.,	 (2015)	 identified	 three	 facies	 associations	 (A–C)	 here	






grey	 laminated	mudstone	 layers.	 Limestones	are	 interpreted	as	being	 formed	 from	microbial	or	
micritic	 carbonates.	 Thin	 silica	 beds	 occur,	 intercalated	 with	mudstones	 and	 limestones.	 Facies	




































clotted	peloidal	 fabric,	 interpreted	as	 lacustrine	microbial	 carbonates;	C.	 laminated	 intraclastic	 rudstone-
breccia,	 ca.	 14	m	with	 fragments	of	 clotted	peloidal	micrite,	 interpreted	as	microbialite,	 alternating	with	

























At	 the	Tregiovo	village	 section,	 this	 lithozone	 is	more	differentiated	and	better	exposed.	 It	 is	
made	of	an	alternation	of	poorly	sorted	breccia	beds	with	irregular,	erosive	bases	intercalated	with	
intervals	 of	 laminated	 pelites	 and	 thin	 poorly	 cemented	 beds	 of	 laminated	 fine	 sandstone.	
Laminated	pelites	are	similar	to	those	of	the	underlying	lithozone,	but	are	pervasively	affected	by	
soft-sediment	 deformation	 as	 convoluted	 lamination	 (Fig.	 6C)	 and	 autoclastic	 breccia,	 which	
involves	also	silicified	or	cemented	layers	(Fig.	6A).	Fine	grained	sandstones	form	beds	a	few	cm	
thick,	with	poorly	preserved	plant	fragments,	that	have	a	poorly	defined	plane	bed	lamination.	








B.	 Conchostracans	 and	 carbonate	 intraclasts	 with	 clotted	 peloidal	 fabric,	 within	 arenaceous	matrix;	 C.	 a	




occur,	 as	 well	 as	 sporadic	 calcitic	 spheroids	 (Fig.	 8A).	 Clotted	 peloidal	 carbonates,	 sometimes	






































ovuliferous	 discs	 are	 assigned	 to	 the	 genus	 Peltaspermum	 Harris,	 1937	 (e.g.,	 Fig.	 9D),	 a	
peltaspermalean	female	reproductive	organ.	Peltaspermum	is	less	abundant	in	assemblage	A	(ca.	
2%)	than	in	assemblage	B	(ca.	10%).	The	genus	Sphenopteris	(Brongniart)	Sternberg,	1825	(Fig.	9E)	




Fig.	 9.	Plant	 remains	 form	 the	 “Le	 Fraine” section	 plant	 assemblages. A.	Annularia	 sp.;	 B.	 Sphenophyte	
diaphragm;	C.	external	impression	of	sphenophyte	stem	with	vascular	visible	bundles;	D.	ovuliferous	disc	of	























the	 dispersed	 conifer	 cones	 (Fig.	 10E)	 has	 been	 found	 anatomically	 connected	 to	 foliate	 shoots	




Several	 foliate	 shoots,	 with	 rounded	 and	 short	 squamose	 leaves,	 have	 been	 found	 as	well	 and	





non-	 or	 hardly	 decurrent,	 spirally	 arranged	 leaves,	 triangular	 to	 obovate,	with	 the	 apex	 slightly	





















Annularia	sp.	 Sphenophytes	 Sternberg,	1821	 A,	B	 4	









Sphenobaiera	sp.	 Ginkgophytes	 Florin,	1936	 A	 7	
Feysia	sp.	 Conifers	 Broutin	and	Kerp,	1994	 A,	B	 275	








Dolomitia	sp.	 Conifers	 Clement–Westerhof,	1987	 A,	B	 7	
cf.	Pseudovoltzia	sp.	 Conifers	 Florin,	1927	 A,	B	 3	
Dwarf-shoot	type	A	 Conifers	 Forte	et	al.,	2017	 B	 1	
Dwarf-shoot	type	B	 Conifers	 Forte	et	al.,	2017	 B	 1	





















midrib	at	an	almost	perpendicular	angle,	occur	 in	assemblage	A.	These	types	of	 leaves	 (Fig.	9G),	
assigned	generally	to	the	genus	Taeniopteris	Brogniart,	1828,	have	been	produced	by	several	plant	
groups	including	cycads,	ferns	and	seed	ferns	(e.g.,	Taylor	et	al.,	2009).	
Two	 different	 morphotypes	 have	 been	 identified	 from	 the	 material	 from	 “Le	 Fraine”.	
Morphotype	1	(Fig.	9F)	is	represented	by	leaves	with	a	lamina	that	bifurcates	symmetrically	at	least	













Conifers Morphotype 1 Morphotype 2 Ferns and/or seed ferns



























































in	 assemblage	 A,	 such	 as:	 Illinites,	 Gardenasporites,	 Falcisporites	 and	 Limitisporites.	 Taeniate	
bisaccate	 pollen	 are	 less	 represented	 in	 assemblage	 B,	 ranging	 from	 6	 to	 9%,	 and	 including	







The	 state	 of	 preservation	 at	 Tregiovo	 village	 is	 slightly	 better	 compared	 to	 the	 two	
palynoassemblages	 of	 the	 “Le	 Fraine”	 section,	 as	 indicated	 by	 the	 lower	 percentages	 of	











Fig.	12.	 Palynomorphs	 from	 the	“Le	Fraine”	 section	plant	assemblages.	A–C.	undetermined	 spores;	D.	 cf.	
Cycadopites	 sp.;	 E.	Alisporites	 sp.;	 F.	 Lueckisportites	 sp.;	 G.	Alisporites	 sp.;	 H.	Gardenasporites	 sp.;	 I.	 cf.	


























Fraine”	 section,	 ranging	 from	–26.5‰	 to	–21.2‰,	and	decrease	 along	 the	 section.	 The	 average	
values	of	the	Tregiovo	village	section	(–22‰	VPDB)	are	very	close	to	the	average	δ13Corg	values	of	








environment:	 laminae	 are	 normally	 graded	 suggesting	 settling	 from	 still	 water,	 and	 freshwater	
fossils	 (conchostracans)	 are	 common.	 Laminated	 pelites	 were	 however	 frequently	 exposed,	 as	
testified	 by	 common	 mud-crack	 structures	 and	 tetrapod	 footprints.	 Marchetti	 et	 al.	 (2015)	
interpreted	 this	 facies	 association	 as	 representing	 ephemeral	 lakes	 that	 dried	 up	 frequently,	
possibly	 seasonally,	 corresponding	 thus	 to	 a	 playa-lake	 depositional	 system.	 The	 carbonate	 and	
chert	components	in	this	first	lithozone	are	of	diagenetic	origin.	In	particular,	chert	forms	nodules	
or	nodular	 laminae	and	beds	 that	parlially	 replace	 laminated	 sediments.	Marchetti	 et	 al.	 (2015)	
suggest	 that	 silica	 derives	 from	 the	 circulation	 of	 volcanic	 fluids.	 The	 carbonate	 intraclasts,	 flat	
pebbles	 and	 spheroids	 of	 the	 overlying	 lithozone	 are	 instead	microbial	 carbonates.	 Their	 fabric	
cannot	be	used	to	discriminate	between	different	continental	carbonate	depositional	environments	





been	 observed	 by	 Fritz	 and	 Krainer	 (2006)	 in	 the	 nearby	 Kungurian	 Sinnich/Sinigo	 outcrop	
(Bozen/Bolzano	 Province,	 Athesian	 Volcanic	 Complex).	 Consistent	 with	 this	 interpretation,	 the	
lithozone	with	microbial	carbonates	contains	little	or	no	evidence	of	subaerial	exposure,	and	neither	






The	 first	depositional	 cycle	displays	a	 sedimentary	evolution	 similar	 to	 the	one	discussed	 in	 this	
paper.	 Coarse	 siliciclastic	 deposits	 cover	 an	 erosional	 surface	 and	 pass	 gradually,	 through	 a	
heterolithic	 unit,	 to	 dark	 laminated	mudstones	 similar	 to	 the	 laminated	 pelite	 lithozone	 of	 the	
Tregiovo	 Formation	 (Berra	 et	 al.,	 2016).	 In	 the	 Orobic	 Basin,	 the	 upper	 part	 of	 the	 laminated	
mudstones	contains	microbial	carbonates	and	structures	related	to	syndepositional,	soft-sediment	
deformation	(Berra	and	Felletti,	2011;	Berra	et	al.,	2016).	The	carbonate-bearing	unit	of	the	Orobic	
Basin	 is	 analogous	 to	 the	microbial	 carbonate	 lithozone	 of	 the	 Tregiovo	 Formation.	 Berra	 et	 al.	
(2016)	interpreted	the	laminated	dark	mudstones	of	the	Orobic	Basin	as	playa-lake	deposits,	and	
the	 microbial	 carbonates	 in	 its	 upper	 part	 as	 formed	 in	 permanent	 lakes,	 a	 succession	 of	
depositional	 environments	 identical	 to	 that	 inferred	 for	 the	 Tregiovo	 Basin.	 Soft-sediment	















Pennsylvanian–Cisuralian	 plant	 communities	 (e.g.,	 DiMichele	 et	 al.,	 2006;	 2011).	 The	 walchian	
conifers	originated	during	the	Pennsylvanian	in	extrabasinal	environments,	where	conditions	were	
drier	(e.g.,	Hernandez-Castillo	et	al.,	2003;	Looy	et	al.,	2014).	The	voltzian	conifers	appeared	later,	





spirally	 arranged,	 broad	 leaves	 and	 orthotropic	 branching	 (e.g.,	 Hernandez-Castillo	 et	 al.,	 2003)	




from	 western	 Pangea	 (DiMichele	 et	 al.,	 2001),	 showing	 how	 broad-leaved	 conifers	 were	 very	
widespread	durin	the	lower	Permian.	Moreover,	the	occurrences	of	Dolomitia	and	Pseudovoltzia-
like	dwarf-shoots	in	the	Tregiovo	plant	assemblages	date	the	appearance	of	these	two	genera	back	
to	 the	middle	Kungurian,	adding	 important	 information	on	 the	evolution	of	 conifers	and	on	 the	
transition	from	walchian	to	voltzian	conifers	in	Euramerica	(Forte	et	al.,	2017).	

























Three	 different	 palynological	 assemblages	 (I,	 II	 and	 III)	were	 distinguished	by	Neri	 et	 al.	 (1999);	
assemblages	 I	 and	 II	 where	 found	 in	 the	 type	 section,	 whereas	 assemblage	 III	 comes	 from	 the	
Tregiovo	village	section.	Assemblage	III	was	considered	more	indicative	of	 late	Permian	age	than	
early	 Permian	 age,	 based	 on	 its	 similarity	 with	 pollen	 from	 the	 overlying	 Gröden/Val	 Gardena	
Sandstones,	such	as	the	abundance	of	Nuskoisporites	dulhnuntyi	Potonié	et	Klaus,	1954	(Neri	et	al.,	
1999;	Cassinis	et	al.,	2002).	
The	 sporomorphs	 are	 poorly	 preserved,	 looking	 yellowish	 to	 very	 dark	 brown	 in	 color,	 often	




although	 the	preservation	of	 sporomorphs	 from	the	Tregiovo	village	section	 is	 slightly	better.	 In	
particular,	sample	Trep	104	is	well	preserved	and	its	analysis	allowed	assessment	of	preservational	

















































South	 Africa	 coalfields	 (Faure	 et	 al.,	 1995).	 Along	 the	 section,	 the	 δ13Corg	 shifts	 towards	 more	
negative	values	(Fig.	15).	This	isotopic	trend	may	reflect	the	global	Palaeozoic	δ13C	curve.	In	fact,	
δ13Corg	 increased	 during	 the	 Cisuralian	 and	 later	 decreased	 in	 the	 Guadalupian	 and	 Lopingian,	
reaching	mean	values	of	–24	‰	(e.g.,	Peters-Kottig	et	al.,	2006).	The	phase	of	δ13Corg	increase	could	
reflect	 the	 sequestration	of	organic	matter	 that	 started	during	 the	Carboniferous	and	 that	 gave	
origin	 to	 the	 Permian-Carboniferous	 coal	 deposits	 (Berner	 2003).	 This	 subtracted	 12C	 from	 the	
exchangeable	carbon	reservoirs,	causing	a	proportional	 increase	in	the	δ13C	of	the	early	Permian	
atmospheric	 CO2.	 The	 subsequent	 decrease	 of	 δ
13Corg,	 from	Guadalupian	 onward,	 could	 instead	
correspond	 to	 a	 decrease	 of	 organic	matter	 burial	 in	 terrestrial	 sediments	 (Berner	 et	 al.,	 2003;	















may	have	played	a	 role	 as	well.	Arens	et	 al.,	 (2000)	 calculated	 that	on	extant	plants,	 the	water	
stress/low	 relative	 humidity	 can	 affect	 the	 δ	 13C	 of	 plants	 causing	 a	 general	 increase	 of	 3–6‰,	
because	of	the	 lower	fractionation	due	to	the	ecological	adaptation	of	the	plants,	which	tend	to	







































could	 have	 influenced	 also	 the	 δ13C	 of	 the	 plants.	 Nonetheless,	 the	modulation	 of	 this	 general	
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few	 well-documented	 Kungurian	 floras	 of	 the	 eastern	 palaeoequatorial	 Pangea.	 Two	 rich	 plant	










of	 Tregiovo	 conifer	 coalified	 tissues	 showed	 that	 there	 are	 no	 significant	 differences	 between	
different	 taxa	of	conifers	 from	the	same	plant	assemblage,	but	conifers	of	 the	same	taxon	have	



















oscillations,	which	 reorganized	 land	 and	 sea	 areas	 (e.g.,	 Heckel,	 1977,	 1986,	 1990;	 Veevers	 and	
Powell,	1987;	Rankey,	1997;	Olszewski	and	Patzkowsky,	2003;	Rygel	et	al.,	2008;	Heckel	2008).	The	
step-wise	 transition	 from	 an	 icehouse	 to	 a	 greenhouse	 world,	 which	 took	 place	 during	 late	








the	 CPM	 (Central	 Pangean	 Mountains)	 and	 the	 supercontinent	 Pangea,	 contributed	 to	 the	
fragmentation	and	the	reduction	of	the	lowland	floras,	dominated	by	spore	producing	plants	 like	
arborescent	 lycophytes,	 sphenophytes	 and	 tree-ferns	 and	 seed	 plants	 such	 as	 seed	 ferns	 and	
cordaitaleans	 (e.g.,	 DiMichele	 et	 al.,	 2001,	 2006,	 2008,	 2009,	 2011;	 Rees	 et	 al.,	 2002),	 which	
characterized	 the	 palaeoequatorial	 regions	 during	 most	 of	 Carboniferous	 time	 (DiMichele	 and	
Phillips,	1994,	1996).	As	a	result	of	the	aridification,	the	wetland	area	shrank	and	more	drought-
tolerant	 communities	 that	 formerly	 occupied	 extrabasinal,	 well-drained	 environments,	 started	
gradually	 to	be	more	widespread,	migrating	 into	 the	 lowland	environments	 (e.g.,	DiMichele	and	
Aronson,	1992;	DiMichele	et	al.,	2000;	Looy	et	al.,	2014).	
Among	 the	 seasonally	 dry	 floras	 that	 spread	 during	 the	 Permian	 floristic	 transition,	 conifers	





global	 vegetation	 cover	 strongly	 influenced	 the	 atmospheric	 CO2	 concentration	 and	 the	 isotopic	




carbonates	 (e.g.,	Hayes	et	 al.,	 1999;	Veizer	et	 al.,	 1999;	 Liu	et	 al.,	 2017a)	 and	 terrestrial	 organic	
matter	 (e.g.,	 Faure	 et	 al.,	 1995;	 Zhang	 et	 al.,	 1999;	 Peters-Kottig	 et	 al.,	 2006).	 Later,	 from	 the	
Guadalupian	(272–259	Ma)	onwards,	the	values	started	to	decrease	(e.g.,	Peters-Kottig	et	al.,	2006).	
This	shift	could	have	been	caused	by	several	processes,	such	as	minor	burial	of	the	organic	matter	














1991;	 Rothwell	 et	 al.,	 1997).	 Based	 on	 the	 size	 of	 the	 penultimate	 branches,	 the	 Pennsylvanian	










evidence	 for	 the	 walchian-voltzian	 transition	 during	 the	 Cisuralian	 mostly	 comes	 from	 western	
Pangea	(e.g.,	DiMichele	et	al.,	2001,	2004;	Looy,	2007;	Looy	and	Duinstee,	2013;	Hernandez-Castillo	
et	al.,	2014;	Looy	et	al.,	2014;	Falcon-Lang	et	al.,	2015),	whereas	Permian	conifer	occurrences	 in	











2005),	 to	 stalked	 forms	with	 fused	 sterile	 scales	 and	 sporophylls,	 comparable	with	 early	 to	 late	
 104	




















The	material	 studied	 here	 comes	 from	 the	 Tregiovo	 Basin	 in	 the	 Italian	 Southern	 Alps.	 The	
Tregiovo	Basin	is	located	in	a	ca.	2	km	wide	tectonic	depression	bounded	by	the	Giudicarie	Line	to	
the	west	and	by	the	Foiana	Line	to	the	east	(Cassinis	and	Neri,	1990),	within	the	Athesian	Volcanic	














plant	 macroremains,	 palynomorphs,	 both	 vertebrate	 and	 invertebrate	 fossil	 tracks	 and	
conchostracans	(Mostler	1966;	Remy	and	Remy,	1978;	Cassinis	and	Doubinger,	1991,	1992;	Cassinis	
and	Neri,	1992;	Barth	and	Mohr,	1994;	Conti	et	al.,	1997,	1999;	Neri	et	al.,	1999;	Visscher	et	al.,	
2001;	Marchetti	 et	 al.,	 2015;	 Forte	 et	 al.,	 2017).	 After	 road	work	 in	 the	 1990s,	 the	 section	was	
covered	by	nets	and	blocked	off	by	walls,	and	is	no	longer	accessible	(Marchetti	et	al.,	2015).	A	new	







































(cf.	 Sphenobaiera),	 taeniopterids	 (Taeniopteris)	 and	 two	 incertae	 sedis	 taxa,	 here	 informally	
indicated	as	Morphotypes	1	and	2.	Both	the	lower	and	upper	plant	assemblages	(A	and	B	in	Fig.,	2)	
are	 dominated	 by	 vegetative	 (shoots	 and	 leaves)	 and	 reproductive	material	 (cones	 and	 isolated	

































few	 specimens	 show	 the	 branching	 architecture.	 In	 most	 of	 the	 cases,	 specimens	 are	 single	
branches,	which	may	suggest	that	a	transport	contributed	to	their	fragmentation	or	that	branches	








Carbon	 stable	 isotopic	 analyses	were	performed	on	 the	 coalified	 tissues	of	 50	 specimens	of	





then	 etched	 two	 times	 with	 20	 µl	 of	 HCL	 10%	 on	 a	 heating	 plate	 at	 70°C,	 in	 order	 to	 remove	
carbonate	 minerals.	 When	 dried,	 silver	 cups	 were	 wrapped	 and	 analyzed	 at	 the	 Geochemical	
Laboratory	of	the	Department	of	Geoscience	of	the	University	of	Padova,	with	a	Thermo	Flash	2000	
Elemental	Analyzer	connected	to	a	Thermo	Delta	V	Advantage	Isotope	Ratio	Mass	Spectrometer.	The	
results	 were	 normalized	with	 two	 international	 standards:	 CH-6	 (–10.449‰	VPDB)	 and	 CH-7	 (–
32.151‰	VPDB).	A	further	quality	assurance	standard	(ZER,	C3	plant	sucrose)	was	run	along	with	






























Description:	 Hermitia	 geinitzii	 is	 represented	 by	 13	 isolated	 shoots,	 and	 one	 7.8	 cm	 long	































































Discussion:	Conifer	 foliate	shoots	attributable	 to	Feysia	 sp.	occur	 in	both	assemblages	of	“Le	
Fraine”	(A	and	B),	and	constitute	the	most	abundant	conifer	taxon	representing	the	54%	of	all	conifer	
specimens.	The	genus	Feysia	was	erected	by	Broutin	and	Kerp	(1994)	for	broad	leaved	conifers	taxa	








species	 level.	The	broad-leaved	morphology	and	size	of	 the	Feysia	 specimens	of	Tregiovo	overall	

























































in	assemblage	B	 (Table	2).	This	spread	 is	more	pronounced	 in	Feysia	 sp.	 from	assemblage	A	and	


































cuticles	 could	 be	 separated.	 The	 conifer	 remains	 are	 often	 fragmented	 and	 almost	 complete	
branching	systems	are	rare.	The	taxonomical	study	of	foliate	plant	material	was	thus	possible	on	the	










revealing.	 The	 isotopic	 values	 of	 the	 different	 taxa	 are	 dispersed,	 but	 overlap	 within	 the	 same	










within	 the	 range	of	 the	C3	plants,	 and	given	 the	 fully	 continental	depositional	environment,	 the	




hypotheses	 can	be	postulated.	 The	 first	 one	 is	 that	 the	negative	 shift,	 recorded	by	 the	 Tregiovo	
sediments,	could	represent	a	change	in	the	isotopic	composition	of	the	atmospheric	CO2,	which	in	
turn	influenced	the	δ13C	of	the	terrestrial	organic	matter.	The	other	hypothesis	is	that	the	negative	




hypothesis,	 i.e.	 a	 global	 decrease	of	 atmospheric	 δ13C,	would	be	 supported	by	 the	 findings	of	 a	
negative	 shift	 in	 the	 terrestrial	 and	 marine	 organic	 carbon	 isotopic	 composition	 from	 other	
Kungurian	localites	(e.g.,	Faure	et	al.,	1995;	Zhang	et	al.,	1999;	Peters-Kottig	et	al.,	2006;	Liu	et	al.,	
2017a,	2017b).	Nonetheless,	 it	would	be	 risky	 to	make	a	clear	correlation	between	 the	Tregiovo	
δ13Cbulk	curve	and	the	ones	in	literature	(Faure	et	al.,	1995;	Zhang	et	al.,	1999;	Peters-Kottig	et	al.,	
2006;	 Liu	 et	 al.,	 2017a,	 2017b),	 because	 the	 latter	 cover	 a	 longer	 interval	 of	 time	 and,	 in	 the	
 122	
Kungurian,	 are	 represented	 by	 smaller	 number	 of	 samples	 than	 Tregiovo	 (lower	 sampling	
resolution).	
Here	we	have	shown	that	 the	 isotopic	compositions	of	 three	different	conifer	 taxa	are	more	
negative	in	the	upper	assemblage	B	than	in	assemblage	A.	This	means	that	the	negative	shift	could	
not	be	linked	to	a	change	of	floral	composition	between	the	two	assemblages.	We	thus	infer	that	
the	negative	 shift	 in	 the	δ13C	must	be	 related	 to	either	 a	 change	 in	 the	 isotopic	 composition	of	
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The	 study	 of	 the	 middle	 Kungurian	 Tregiovo	 Basin	 adds	 an	 important	 tile	 to	 the	 complex	 and	
incomplete	mosaic	of	Permian	paleoclimates,	with	its	global-scale	deglaciation	and	aridification	and	
its	palaeofloristic	transition	that	mainly	characterized	the	Pangean	palaeoequatorial	regions.	The	
study	on	 the	 two	plant	 fossil	assemblages	of	 the	Tregiovo	“Le	Fraine”	evidenced	a	complex	and	
diverse	 flora	 that	 populated	 the	 palaeoequatorial	 region	 of	 central	 Pangea	 during	 the	 middle	
Kungurian.	Conifers	and	sphenopterids	showed	a	remarkable	diversity	at	Tregiovo	and	knowledge	
of	 these	two	groups	 is	now	 increased.	The	study	on	conifer	dwarf-shoots	revealed	a	diversity	of	
forms;	three	new	morphotypes	(A,	B	and	C),	previously	unknown	in	the	fossil	 record,	have	been	





new	 species,	 Sphenopteris	 valentinii	 Forte	 et	 Kerp	 sp.	 nov.,	 has	 also	 been	 identified	 and	 newly	
established.	 The	 sphenopterids	 of	 Tregiovo	 are	 characterized	 by	 a	 surprisingly	 coriaceous	
appearance	suggesting	adaptation	to	drier	conditions.	This	also	suggests	that	the	sphenopterids	of	
Tregiovo	might	belong	rather	to	the	seed	ferns	than	to	the	ferns.	









results	 confirmed	 the	 results	 of	 early	 works,	 which	 identified	 a	 playa-like	 environment,	




indicates	 a	 constant	 xerophytic	 character,	 also	 confirmed	 by	 the	 palynoflora,	 where	 spore	 are	
extremely	rare	in	both	assemblages.	
The	geochemical	study	has	been	here	performed	for	the	first	time	on	the	organic	carbon	(TOC)	of	
Tregiovo.	The	 lacustrine	 sediments	of	 the	 two	 sections	are	 rich	 in	organic	matter,	which	mainly	
originates	from	terrestrial	plants.	The	isotopic	data	on	the	bulk	rock	from	the	two	sections	fit	well	
with	 the	 high	 resolution	 δ13C	 curve	 for	 Kungurian	 terrestrial	 organic	 carbon.	 The	 isotopic	
composition	of	the	Tregiovo	organic	matter	changed	through	time,	with	a	decrease	of	δ13C	along	
the	sections.	Moreover,	further	analyses	made	on	the	organic	carbon	of	coalified	tissues	of	plants	
demonstrated	 the	 same	 negative	 shift.	 The	 analysis	 on	 different	 taxa	 of	 the	 two	 assemblages	





it	 has	 been	 shown	 that	 the	 different	 groups	 of	 plants	 also	 show	 a	 change	 in	 their	 isotopic	
composition	 as	well	 between	 the	 two	 assemblages.	 It	 is	 known	 that	 ecological	 factors,	 such	 as	
water-stress,	may	affect	the	isotopic	composition	of	plants	though	a	change	in	the	size	of	stomatal	
aperture,	that	in	turn	influences	the	fractionation	rate	during	photosynthesis.	Nonetheless,	it	is	also	
known	 that	 high	 concentrations	 of	 CO2	 in	 the	 atmosphere	 (pCO2)	 have	 a	 positive	 effect	 on	 the	
fractionation	 rate	 as	 well,	 and	 that	 the	 isotopic	 composition	 of	 atmospheric	 CO2	 is	 the	 most	
important	factor	that	influences	the	isotopic	composition	of	plants.	Considering	that	the	negative	
trend	 at	 Tregiovo	 correlates	 well	 with	 different	 Kungurian	 sites,	 it	 is	 here	 concluded	 that	 the	
geochemical	results	from	Tregiovo	reflect	a	global	perturbation	of	the	carbon	cycle,	and	thus	of	the	
isotopic	composition	of	atmospheric	CO2.	On	the	other	hand,	we	cannot	exclude	the	influence,	in	
some	 undetermined	 proportion,	 of	 local	 ecological	 factors	 on	 the	 isotopic	 composition	 of	 the	
Tregiovo	flora.	
	
